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Title: Device for Delivery of Substances to a Surrounding Medium 

A dev 'ce for delivering a formula of an agent (substance) to a surrounding medium of a 
hot liquid. This dev.ce comprises a semipermeable external wall 12 enclosing and applied to a 
nydrophilic swellable internal wall 15. These walls define an internal space 14 to contain a formula 
of agent 18 sensit ive^oJ^effect^f|ea^A passage 1 3 through tl^ semi permeab le wall connects 
the exterior of the de^to^int^T^cans offan opeMOT nTOaT^ll. 

&2S*sf hi&2i u<&& j * ^ 0 ^ 





Specification 

The present invention concerns an osmotic device to deliver a heat-sensitive composition to a surrounding 
medium at a controlled flow rate, containing a substance (agent) to be delivered to this medium 

Delivery devices for substances, called agents, to a surrounding medium are known in this technique. For 
example, US Patent 3 760 984 describes such a device, consisting of a heat-shrinkable vessel with an osmotic solute 
on its external surface and a separate layer of polymer material permeable to liquid and a removable plug to fill the 
vessel. This device is activated by the liquid impregnating it by penetrating it and dissolving the solute to form a 
solution that exerts a pressure against the shrinkable vessel whose contraction delivers the agent US 
Patent 3 865 108 (describes a device consisting of a compressible internal tube that contains a drug placed in a base 
felement formed from a swellable material, a device that delivers the drug through the base and parts with absorbent 

! mCdi T Whi0h di,a,eS 3nd preSses against tne tube ' causin 8 dru S «° be delivered. US 
ratent 3 971 376 describes another device consisting of a capsules with walls formed from a crosslinked gel that 
swells ,n liquids with a textile fabric accommodated in the material to impart strength to it and reduce difficulties due 
to the poor mechanical characteristics related to the material, which appear during absorption of the liquid used to 
operate the device. US Patent 3 987 790 describes an improvement made to an osmotic device formed from a line for 
filling of a sack situated in the device, which is activated by a solute with osmotic action that impregnates it with 

T?Jn»Toti «?T 1UC ^ 3 hyd T" C PreSSUre 3gainSt thC Sack ' com P ressi "g il a "d causing the agent to escape. 

Patent 3 995 631 describes a sack carrying on its external surface a layer of osmotic solute with a separate wall 
formed of a material with controlled permeability relative to liquids. During operation a solution of the solute is 
formed which compresses the sack, causing the agent to escape. US Patent 4 320 758 describes a device formed 
from a flexible sack with a covering made of a dispersion of the solute with osmotic action in a soluble polymer and 
a liquid-permeable external wall, a device that delivers the drug through the coverina by beins impresnated with 
water m the space between the wall and sac. thus exerting a hydraulic pressure on it that causes the drug to escape 



lh PV „„ r , ,CCS JUSt descr,bed ** of interesl for delivering numerous agents to a surrounding medium, and if 

tofTieTcr 0 ^ 55 teCh " iqUC ' SpeCia ' iStS SCe that there are cases in whic " "ew improvements would 

be of greater commercial .merest. For example, a device without the flexible sack and without fabric, thus providing 

£SSThT . C ' nS th :r mbCT ° f ° Perati ° nS 3nd P artS ' WOuld find immed -te ac ..pice and 

bn?" If Pr T S f- M ° reOVer ' 3 deViCC th3t PCT ^ of the previous limits for delivery of 

E k? y r , S ^ J Utl ° nS ° f sus P ensions with a device that now delivers agents that are soluble or 

" the fields of'sctce'TH ' " ^ ^ * ™* a «*° represent a valuable contribution 

po me neias or science, medicine and commerce. 

called age%° 5 fo™. PreSem ^ VCnti0n ^ ,heref ° re 3 impr ° Ved dCViCe f ° r deh Veri " g substanc « W«> 

Another object of the invention is to provide a self-contained, self-activated and self-operated device in 
te'So^.T USe3ble dd,Very ° f ag£ntS l ° 3nimalS ' inC,uding man as ^11 as other 

, nl , An0 $M °5%l nve ? tio ^f^^ c ^^n^ iCT^v-e^r^obSW^sition that 
on^ insolubk to soluble ^la conation wfiich, ugjr thginfluengof ten^atutof imoloS^l 
hanges formed becomes liquid** semisolid to facilitate leaving the dllce. IN M W 

Anort^gbject i^evicef ong^ng^' o^jjg^prf^g a hJ^Kitivflo^itiii amiable 

nSZ TS J r rr ° Undmg tHiS COrn P° si,ion > an exte ™' semipe^meab^ali encTSnlfc eTe^ntand the 
opening and la delivery passage, a device that delivers the composition by its melting, which becomes liquid or 
t ' d and ma,ntamS 3 "onmiscible separation limit at the interface of the element that dilates, swelling it and 
displacing an equivalent amount of the composition outside of the device. ° 

.... An0the . r ob J ect ° f the inv «ntion is a delivery device that is empty until it is filled with a solid composition 
khat liquefies when heated and, once filled, can administer this liquified composition according to a compTete 
pharmaceutical dosage regime over a certain period of time and whose use only requires intervention at the 
beginning and end of the regime. 

. Anotner ob J J ect is a device thj « can deliver drugs contained in a heat-sensitive lypophilic pharmaceutical 
vehicle that melts under the influence of heat, producing a composition that can be delivered' withoutTSy 
avoiding irritation of tissues ofmammals andinteraction with protein tissues of mammals 

bornnnn, , H F **" * "l^'l^ a ^SS^^BBSSFl^d from at least two 

^z^z^m^^^^^^^ — * *. — of 

bsoluble^Sub^ ^A^evS^BiJSSeaAwve hyd^hilic composition containing 

fc^Z^^SSZ^ the influenc6 of heat of a ^ ical medium - changes fo ™ 

Another object is finally a delivery device that contains a chemically unstable agent in a surrounding 

vJhf.UH f accommodated in a nonaqueous delivery vehicle, an agent that is protected in this 

vehicle during emergence from the device. 

fc In # ^ a PP endcd J ,rawi "8«. not drawn to scale, and which are given only to illustrate various versions of the 

pnvention, the following figures are found: versions or me 

nimals; FiSUrC ' * ' ^ ° f 3 ***** deSig " ed manufactured for °™I administration of drugs to homoiothermal 

komn art Sri i ri° Pen r eWOfthedeViCe0fFigUre 1 a, ° ng 2-2 of Figure 1 to show the internal 
bompartment and the thermodynamic elements forming the produced system in an integrated delivery device- 

C omnnci,S5T. * ? ^ ^ d ™™ of Fi S ure ' showin S tne compartment filled with a heat-sensitive 
composition that contains the agent being delivered; 

^gent fromfhTdevLe;"^ ^ 3 Sh ° WinS di ' ati ° n ° f the C ° ntro1 dements that deliver »» 

Figure 5 is an open'view of Figure 1 showing a closure element in the opening of the device- 
Figure 6 shows a variant of the invention in which the elements forming the device are in concentric 

arrangement; 

arrangemelfr' ? ^ * ^ ^ inVemi ° n ^ e ' ememS f ° rminS the ^ ™ in 3 P artiallv circuIar 
aiTanoemem 11 ' 6 8 Sh ° WS 3 Var ' am ° f inVe " tion in whicn the elem ents forming the device are in a parallel 



bouch- F ' 8Ure 9 Sh ° WS 3 Variam ° f inVention in which the elements forming the device are in the form of a 

Figure 10 is a diagram of three methods for production of the device of the invention- 
Figure 1 1 is a graph showing the delivery rate versus time of a deliverv device: 
Figure 12 is a graph showing the total amount of heat-sensitive composition deliver*-' bv me device 
The same parts of the figures in the drawings and description are identified by the same numbers 

lh a ?r f^T 3 del ' Vei7 deVi ° e iS ShOW " in FigUre 1 ' Where " is identified by the number 10. In this figure 
he device 10 is ; shown contain.ng a body 1 1 with a wall 12 and a passage 13 in this wall that connects the exterior o' 
the interior of the device, as is apparent in Figure 2. 

Figure 2 is a cross-sectional view ofFigure 1 , showing the device 10 containing body 1 1 wall 12 
surrounding an internal compartment 14 and a passage 13 in this wall that causes compartment 14 to communicate 
with the exterior of the device^ Wall ,2 is formed from a semipermeable polymer materia! forming a composition 
hat ,s permeaMeto Rassageof an ex^Mjquid but jgg^callyJn^rn^W^ passage of an agent and other 
ngredients coined ,n comment 14JThis wall;i| is^oxlS|ndpn^ibl^^dfa&ii inteority 
during use of Ae device g | ^ [| I 1 I V Mi * M Wk 

. , , C 7mr e 11^ al ^ 0u ^>y a « 15 di #ble o&ngeel^ that S conMt with the 

7r„7^^ defined 
Dy the end 17 ot layer 15, and the internal layer 15 has a shape corresponding to that of the semipermeable wall 12 
and compartment 14. Layer 15 ,s made from a hydrogel composition, not crosslinked or optionally crosslinks, and 
it has osmotic properties, can be impregnated with an external liquid through the semipermeable wall 12 and exerts 
an osmotic pressure gradient through this wall against a liquid external to device 10 

S truc tU r a . F r^nr! h H° WS ^h^T ^ ° f FigUre ' *" ^ 8 figUfe in Which the device enclo ^S the 

a a „ I T B ?L W ' th referenCe t0 FigUrCS 1 and 2 and showi "g the device containing in compartment 
14 an agent 1 8 represented by points and a heat-sensitive composition 19 that responds to the actfon of heat, shown 

by wavy lines, a composition that is a means of delivery and a transport vehicle for agent 18. Agent 18 which is 
placed in compartment 14 and can be liberated by the device, contains insoluble to very soluble agents'in aqueous 
liquids and in lipophilic media. The heat-sensitive composition 19 containing the agenY 18 dispersed homogeneously 
or heterogeneously or ,n soluuonisformed. inanow preferred variant from an anhydrous heat-sensitive hySophiHc 
or hydrophobic materia., soli^o^y i^Sge of abjut 20^18^4^ is close 7^ temped 
ii ? ? f T ^ $%° n u i^ ferms P°i«ening p|i|t and liquefaction point 

2t 1 whichjehe^n^^posj^lts, pglUy or toM dissolves, forming a vehicle 
that permits delivery of agent^g^Tevi^O.^^ jfiL JL *lL 

W h D r ng T rat, ° n ' ^ dCViCe 10 ,iberateS agenT » 8 to^unSding meSTat a temperature of about 
37 C by a thermodynamic effect associated with kinetic action, i.e., the heat-sensitive composition 19 melts, forming 
a fluid or semisolid phase that : delivers the agent 18 through passage 13. When composition 19 melts, the liquW S 

Sem . ,Perme !;M e 12 thr ° Ugh thC h y dr °P hilic ^ »5 with a tendency toward osmotic equilibrium 
for continuous swelling, or dilates and increases the volume of layer 1 5, which dilates at the same time in 
compartment 14, while maintaining a nonmiscible separation limit at the interface. At the same time as layer 15 
ITn^ i T U 3 PreSSUrC againSt com P° sition 19, reducing its volume. The simultaneity of dilation 

LinM R CO , n h traCt, h ° n ° f com Pf ™nt 14 and melting of composition 19 makes the fluid composition containing 
agent 18 pass through passage 13 to reach the exterior of device 10. Figures 3 and 4 taken together show the device 

LTr^P ' ! r nn8 agCnt I®' FigUre 3 Sh ° WS thC dCvice 10 at the beginning of one P^od of delivery of the 
Sded n„ ,h ,8Ure 7 " end ,° f thC de,iVCry Peri0d - Melting of com PO«ition 19 and its non-miscibility are 

added on the expansion layer 15 to swelling and dilation of this layer, which is accompanied by an increase in 

loThn^n ,n !' 8U k>k ^ 3 CO r es P° ndi ^ reductio " the volume of compartment 14 at the same time, as 

also shown ,n Figure 4, which ensures delivery of agent 18 at a controlled rate that is continuous over time 

Figure 5 js a variant of device 10 of Figures 1 to 4, also showing a closure element 20 in the open end of 
compartment 14. This closure 20 is well adapted in compartment 14 and is in contact with the inside surface of layer 
15. The exterior of closure 20 forms a liquid-tight joint with the internal surface part of layer 1 5 with which it is in 
contact. Closure 20, also called a plug, contains a central axial opening 21 that extends completely through it an 
opening that gives access to the interior of device 10, chiefly compartment 14, to provide i, with the composition 19 
containing agent 1 8 and at the same time o P enin g 21 gives access to passage 1 3 through the semipermeable wall 12 
to deliver the composition 19 containing agent 1 8. 

Figures 6 and 7 show other variants of device 10 of this invention, figures in which this device is made in a 
now preferred manufacturing process by coextrusion of the structural elements forming it. In Figure 6, device 10 is 



shown again with its ends 22 and 23 open to show its structure. This device is essentially formed from the 
semipermeable wall 24 enclosing its entire exterior before the ends 22 and 23 are opened to show the structure of the 
device, a median swellable and dilatable thrust zone 25 and an internal heat-sensitive zone 26 as reservoir for the 
agent. The device 10 also comprises two delivery openings 27 in the semipermeable wall 24 for delivery of the 
formula of the agets? ;roni tiic cioscd ends 22 and 23 not shewn in Figure 6. Figure 7 shows the device 1 0 comprising 
a semipermeable wall 28 surrounding and delimiting the interior of the device in cross section on its ends 29 and 30 
to show the internal reservoir 31 of the agent and a contact layer of a swellable and dilatable thrust element 32. The 
device 10 has three delivery openings 33 through the semipermeable wall 28 that communicate with the reservoir of 
agent 31 to deliver it. One opening is placed in the body of device 10 and the two others are placed on its closed 
ends. The device 10 of Figures 6 and 7 functions as described above in its surrounding use medium. 

Figure 8 shows the delivery device 10 in a rectangular shape but naturally it can have other shapes and 
dimensions adapted for its use in specific fluid media. The device in this figure is open along its two separation limits 
9-9 to show the internal arrangement. It contains a delivery opening 35, a semipermeable wall 36, a compartment 37 
with a neat-sensitive composition 38 containing.agent*39 ana\a swellable and[idnatable|thrus( composition40. This 
device operatesjto liberate agel^9^ as mentioned abdye, i.ei^he|heat sensitive comp<Jsitwn38 Imelts at|a| 
temperature of35 to 4i°C land theJcbmr^sition 40 isolated and the composition 39<i^made to pals by ^compression 
through openiin^/ ^ JML^J M^J^ JUL JlL ^M^J M^J^ 

Figure 9 shows a device 10 that has different dimensions for use as a delivery pump. In this variant the 
device is miniaturized for use as an implant to administer an agent to an animal. It is shown in an open view along 
line 8-8 and comprises a wall 41 that retains its shape, formed at least partly from a semipermeable material that 
surrounds an internal swellable pouch element 42. This pouch 42 is an open vessel with an internal space 43 and an 
opening 50 well closed by a closure piece 44 traversed by inlet and output openings for supply and delivery. Pouch 
42 contains an agent and a composition of heat-sensitive vehicle 47 for this agent. A passage 49 in a semipermeable 
wall 41 is aligned with opening 45 to fill the device 10 and to cause agent 46 to emerge. 

Figures 1 to 9 show different devices according to the present invention but do not limit it in any way and 
can have a variety of shapes and dimensions to deliver agents to the surrounding use medium. For example, the 
device can be designed for oral administration in different shapes and common sizes, for example of a circular shape 
4 to 25 mm in diameter. The devic ecan be adapted for use as a bucca^device, implant, artificial gland, cervical, 
intrauterine, auricular, nasal, *3^naB^|tgin^lfano^tal devibe, in theljMly^sp^n^pSmach of ruminants or a 
subcutaneous device. It can al|||>e in|Mha^&n^pith dimenlions ar^troctures ai^jted to deliver an agent into 
rivers, aquariums, fields, factd^s, re^roi^l^atone^g^^hou^l^icles, h|||pitals, in the naval and military 
field, veterinary clinics, nurse^^^mis, z^l^a^^ r^ms^^gniijc^^actors anj||tfier media. 

The present applicant has found that the delivery device 10 can be provided with a wall containing a 
semipermeable material without harm to the recipient, permeable to passage to an external aqueous liquid, like water 
or biological fluid, or remaining virtually impermeable to passage of agents, like drugs, osmotic agents and which 
maintains its integrity in the presence of a thermotropic composition. The selectively semipermeable materials 
forming the external wall are virtually insoluble in liquids and are not toxic and not erodable. 

Representative materials to form the semipermeable wall include semipermeable homopolymers and 
copolymers, etc., and in one version the characteristic materials include cellulose esters, monoesters, diesters and 
triesters, cellulose ethers and cellulose esters-ethers. These cellulose polymers have a degree of substitution (DS) on 
their anhydroglucose unit greater than zero and it can amount to as much as 3, the degree of substitution being 
understood to mean the average number of hydroxyl groups initially present on the anhydroglucose unit and which 
are replaced by a substituent and converted to other groups. The anhydroglucose unit can be fully or partially 
substituted with groups like acyl, alkanoyl, aroyl, alkyl, alkenyl, alkoxy groups, halogens, carboalkyl groups, alkyl 
carbamates, alkyl carbonates, alkyl sulfonates, alkyl sulfamates and other similar groups forming a semipermeable 
polymer. * 

The semipermeable materials characteristically include the following: cellulose acylates, diacylates and 
triacylates, like cellulose monoacetate, diacetate and triacetate, cellulose mono-, di- and trialkyl, alkenyl and aryl 
ethers, etc., examples of polymers containing cellulose acetate with an DS from 1 .8 to 2.3 and an acetyl content from 
32 to 39.9%; cellulose diacetate having a DS from 1 to 2 and an acetyl content from 21 to 35%; cellulose triacetate 
having a DS from 2 to 3 and an acetyl content of 34 to 44.8%, etc. Cellulose polymers, in particular, include 
cellulose propionate having a DS of 1 .8 and a propionyl content of 38.5%; cellulose acetate-propionate having an 
acetyl content of 1.5 to 7% and a propionyl content from 39 to 42%; cellulose acetate-propionate having an acetyl 
content of 2.5 to 3%; an average propionyl content of 39.2 to 45% and a hydroxyl content of 2.8 to 5.4%; cellulose 
acetate-butyrate having a DS of 1 .8, an acetyl content of 13 to 15% and a butyryl content of 34 to 39%; cellulose 



TlT^ZnZ ""I™ 8 aC u yI C ° ntem ° f 2 l ° 29 5% > 3 content of 17 to 53% and a hydroxyl content of 0 5 

from US Patent 4 f)77 am *„,t u t • ^ f / " ' 1 : : [sxc ^ etc - Semipermeable polymers are known 
from US Pa ent 4 077 407 and can be obtained by the methods described in the Encyclopedia of Polymer Science 
and Technology, volume 3 pages 325 to 354, 1964, published by Interscience Publishers, Inc New York 
,rh i k semjpermeable polymers include those of acetaldehyde and dimethyl acetate, cellulose acetate and 
ethyl carbamate, cellulose acetate and methyl carbamate, cellulose dimethylaminoacetate, semir^rmeabTe 
polyam.des polyurethanes and polysulfones, semipermeable crosslinked sulfonated poly tyr^^crivelv 

L^.«s^ b ^^^gSf n^A^^M^^. and 

alone n ™ C ™ t f? ak t0 f ° m * e intemal swellab 'e wall that dilates and the pouch are polymer materials 

di^/tn ' Xe , 7' , ° Sm rl! C agCntS th3t rEaCt Wkh W3ter ° r a bio, °g ical ^orbing the lSSi^Sbv 

fSl^^ ""T P ° lymer CapaCky l ° ret3in 3 Substantial fraction ° f imp ignaL 

t and the preferred polymers are polymer gels that can swell and dilate to a very high degree aenerallv from % IT™ 

Sn^ 

crosslinked. The transverse bonds can be covalent or ionic bonds for a polymer that can swell in the oresence of a 
liquid and, if ,t is crosshnked, it does no, dissolve in the liquid. The polymer can be of plant animal ^synthetic 
^Z^&^^^fT inC,Ude 3 Po'y-thacrylate witfa mdS we g from 

2,1 T, ' Polyvnylpyrrolidone with a molecular weight from 10,000 to 360,000; anionic or cat onTc 

.ydrophiHcS^ of °*5 <° form the dilatable 

vfscositv S S^iSS^ pectin having a molecular weight from 30,000 to 300,000; gelatin having a 

15 , to 30 mi,1 >Po«ses and a strength that can reach 150 g, gelatin having a bloom value of 160 to 250- 
po ysaccharides, like agar, gum arable, karaya gum or gum tragacanth, algins and guar gum ^ iid carboxv 
^ZS^SX??" f-vatives; po.yacrylamides, polyirJs of inde^ne L^^^ 
swell , n water, Good-rite® polyacryhc acid having a molecular weight of 80,000 to 200,000- Polvox® 
polyoxyethylene polymers having a molecular weight of 10,000 to 5 000,000; graft coders of s^eh- Acua 
Keep® polyacrylates that absorb about 400 times their initial weight in water St^S^klT^S^at 
vco P yV ' n , yl 3 C ° h01 ^ P 0, y( N --y'-2-pyrrolidone); zein found in the form of prXhT poryeTyTene 
glycol having a molecular weigh, of 4000 to 100,000, etc. In a preferred variant, a dilatable wall ^fSSSSST 
'h l,t re a " P ° T r COm P° sidons *" can ^ shaped while hot. Representative polymers having hy^hTl c 
characteristics are known from US Patents 3 865 108, 4 002 173 4 207 893 and 4 327 72? an H ar ! nydr ° ph,, ' C u 
Handboo^of Common Polymers by Scot, and Ruff, published by C.evLand R^C^y, S io 
M|vmpr ™ C com P° und * of osmot,c action that can be mixed homogeneously or heterogeneou ly with the'sweLle 
po ymer to form a thrust wall are solutes with osmotic action that are soluble in the liqufd imp^gnX s^Xble 
polymer and exert an osmofc pressure gradient through the semipermeable wall against an ex3l hqu T"he 
compounds with osmotic acrion are also called osmogents. Effective osmogents for the proposed ^objective mc Iude 

mannitrol, urea, sorbitol, inos.tol, sucrose, glucose and others. The osmotic pressure in atmospheres (mmTof 
appropriate osmogents here is greater than 0 atm, and generally between 0 aim and 500 atm or more ^ 
in,,™,;™ tef r agents , de " ote a "y composition or formula or any compound that can be delivered to produce an 
meres mg spec.fied result. The agents include algicides, antioxidants, air purifiers, biocides, catalystr c hTmS 
uon elnu 7 ,,CS ' UgS ' disinfeCtants ' fun ? icid "' ^ods. fertility inhibitors or fertility actiVato^s food 
supplements, fermentation agents, germicides, insecticides, attenuators of microorganisms, nutriena products for 



ineffn T h f 7 'inhibitors, preservat.ves, surfactants, sterilizants, sexual sterilizants, vitamins and other 
r,h.v? k, k env "™ me "< surroundings, habitats and animals. These agenfc can be insolub e or 

ighly soluble in the temperature-sensitive material that is placed in the delivery device '"soluble or 

The term drug here includes any substance having a physiological or pharmacological action that produces 
local or system.c (general) effect in animals, includin g homoiothermai mammals, m„ arS. birds S an d 

omest.c ammals, game ammals and farm animals, laboratory animals and zoo animals. The term physical 
eno tes admm.stration of the drug to produce norma, levels and functions and the term phama^logS. denotes 

h" wT^ l ° TwT* ° f dFUg ^ adminis *red to the host (Stedman* Medical Dictionary 1966 
ubhshed I by Will.ams and W.lk.ns, Baltimore, MD). The drugs that can be administered include mineralToVianic' 

32' 7 T 85 th3t ^ ° n thC nCrV ° US SyStCm ' de P-*ants, hypnotics, sedatives, psychTog £T 
t.mulants, tranqu.l.zers, ant.convulsants, muscle relaxants, antiparkinsonian agents, analgesics antiinflammatories 

vZvTem v H° rm ° n XT- C °" traCeptiVeS ' ^-P^h-omimetics, diuretics^ntiparasifics, n^op "tfc Zg ' 
Sh^^ 8 ^ ^ d ^ S -^ 5 Sj^ e i^^«ic^ucts and cardiovascular drugs The amount of 
gen, that the^ry.devu^contains C^be fiSm ^^W ^^W^ ^^^ L 

Sma. l^mfe^cWSghr. ^M^M l.M etc^d the 
Compo||Uons thajrespond tojhleffecjbf Ml ai6&ferrM to as llHt-sensuWe com^o Jin* M»r~ 

™lT n f ° In , C ' UdeS thermotr °P ic impositions that can undergo modifications in responseTo 

ppl.cat.on of an energy gradient. These compositions are sensitive to an increase or reduction in temoe atLre The 
xpress.on heat-sens.t.ve denotes a physicochemical property of a composition of agent J^ZZSZ^T 
o ,d or sem.l.qu.d a, temperatures up to 34°C, generally between 20 and 33°C and becoming liquid semTsSfd or 
. cous under the .nfluence of hea, from 33°C, generally between 33 and 40°C. The heat-sensitive S mdts is 
on de 0 rld Part, H " ^ " * Matures, which enab.es 

ons.dered medium w, h the agent that it contains in a homogenous or heterogeneous mixture The heat-sensit ve 

5Sn^^^ ?rt, h,droph K C ° r hydr °P h ° bic and another import characteristic oi ^thTvehSeTs thatTt can 
a.n a.n the stab 1 ty of the agent that .t contains during storage and delivery of the agent. Representative heat- 

T^Tnfnf. rf IOPylen ! l # O, « 0S ^ att ^ d dlste t ^ te like vegetable oils 36- 

7 C, 80% of a hydrogenated #getab^il §h2p> sorbitffitmonorMmuite 39-39%<>C U * 
-esetable nil with -JfKK, m l„c^il£.„ jcA%3* *S35SSX~ . — M. mk.. l Wfi!M K> fiSS c 



egetable oil with 20% polyso^oW^r^ ^IS^S^ * ^W? T° ° f « Mrogenated 
d 2 5% beeswax 35 ^C-m^l Wu W^^I ^^ ge ^^ Wege ^W l1 WIth 20% sorbitan trioleate 
istiHed ilate ^tsloc ^o;^^^^^^^ 1 ^ ^itam^leate, 2.5% beeswax and 5% 
il7n!lT! , . ^ : tnglycendes of C 8 to C n acids containinglatuTated and unsaturated acids 

Sy'ceride: 'I ^3^5^ ""T^ ^ ^^"i' ^ SatUrated «"* acid triglycerides w^ln^and 

f 39°C hvnrn^nlJ ' glycol mono- and distearates, 33-34°C; partially hydrogenated cottonseed oil 

nhvdrou ^I y at.?r^r e » T ' C ""^ 33 - 36 ° Q heXadieno1 a " d «» W «*inotanine monostea^ate of 
nnydrous lanol.n, 38 C; eutectic mixtures of mono-, di- and triglycerides, 35-39°C Witeosol® 15 ^rnrat^ fc«L 

C, f ^ SSSV* P,ant ° rigin with ^nog'ycerides, 33.5-35.5X; Witepsol® hS JS^S^TSS^ 
itepsol® W25 havmg a saponification index of 225-240 and a melting point of 33.5-35 si Cep oi® E75 with 
saponification index of 220-230 and a melting point of 37-39°C; a pofya.ky.ene glycol, llk^ TpoTS® S 
Tco, ° Xid . e 38 .1ln? P°' yethy,ene 1500 y 38-4!o y C: monoemyLe^o "ethy'l 

0% nollvL^' i m S y n^ e ^ 15 °°' 4?% P o| y eth y |e "e glycol 6000 and 20% distilled water, 39-4 1 °C- 
0% polyethylene glycol 1500, 40% polyethylene glycol 4000 and 30% polyethylene glycol 400 33-38X a n^xture 
f mono-, d,- and tnglycendes of saturated fatty acids with 1 1 to 17 carbon atoms, 33 37° C etc The heaLnS 
ompos.t.on .s a means to conserve an agent in the solid composition at temperatures from 20 to 33^iSZriM a 
onm.sc.ble separat.on l,m« at the interface of the composition that swells, and delivering the agent in ZS 
ompos.t.on at a temperature generally greater than 33°C, ordinarily from 33 to 40°C. The heat sensitive 

n^^zir 6 surrounding bio,osica ' medium can ^ easiiy ~ ~ 

n ra vi„o 17,6 Semipermeab,e wal1 . can be a PP«ed to the heat-sensitive dilatable layer stratified by molding shaping 
praymg or .mmers.on ,„ a ma.enal forming this wail. Other techniques that are now preferable and pe^ 
pp .canon of the semipermeable wall include suspension in air and powder coating processes The LTp ocess 
onsets of suspendmg the stratified layer or pouch in a stream of air and allowing it to roll with a composubn 
o r Zf: S f em ' permea H b « Wa " un,il the wa » ^rrounds and encloses it, and this operation is repeated 'w 2 1 
omposmon formmg a d.fferen, semipermeable wall to obtain a semipermeable stratified wall. The air suspension 



process is described in US Patent 2 799 241 and in J. Am. Pharm. Assoc.. volume 48, pages 451 to 459 1979 and 
ibid, volume 49, pages 82 to 84, 1960. Other methods for production are described in Modern Plastics Encyclopedia 
volume 46, pages 62 to 70, 1969 and Pharmaceutical Sciences by Remington, 14 ,h edition, pages 1626 and 1678 
1970, publication of Mack Publishing Co., Easton, PA. 

Ex,-.r.-.es or ^ahoiits for production of the<,emipermeable wall include mineral or organic solvents without 
drawbacks for the employed materials, dilatable wall, pouch, heat-sensitive composition and final delivery device 
These solvents include generally aqueous solvents, alcohols, ketones, esters, ethers, aliphatic hydrocarbons 
halogenated solvents, cycloaliphatic solvents, aromatic or heterocyclic solvents and their mixtures, the characteristic 
solvents being acetone, diacetone alcohol, methanol, ethanol, isopropyl alcohol, butyl alcohol, methyl, ethyl 
isopropyl, n-butyl acetates, methyl isobutyl ketone, methyl propyl ketone, n-hexane, n-heptane, ethylene glycol 
monoethyl ether, ethylene glycol monoethyl acetate, methylene, ethylene or propylene dichloride, carbon 
tetrachloride, nitroethane, nitropropane, tetrachloroethane, ethyl ether, isopropyl ether, cyclohexa'ne, cycloheptane 
benzene, t°lH^°lvent ™p^^^ mixtures, like a mixture of 

acetone and water, acrtone^n^ttiano^toBeSeaiy^coI^ r«th^acT3S5dTSdT8S3SS^r ethylene 
dichloride andflnethanoL Qrdi^|theis^iriermeabife wail|| appiied'at a^perab^gve^ byfjfew'deW than 
|the melting point of the heat-sensitive crimbnSitinn oKth* ,hte&nnjffc t ic coni&sitioivcinlle placllin theteliverv 



The dilatable wall, the pouch or dilatable layer can be made by known polymerization processes of heat 
shaping, for example spraying on a mandrel, immersion of the mold in the composition forming the wall, molding by 
blowing, formation under vacuum, molding by compression or injection, extrusion and stratification. But in a now 
preferred variant, a pouch or thrust compartment is molded by the compression process illustrated in Figure 10 In 
this compression process, a mold cavity and a piston are used. The mold cavity forms one surface of the molded part 
and the composition forming the polymer wall is placed in the mold, the piston of the mold forming the other surface 
of the pouch. The piston compresses the composition and, when the mold is closed, the composition is compressed to 
the shape of the final pouch, the mold cavity and piston being kept in this position until the composition has 
hardened. In Figure 10 the molded pouch or thrust compartment is denoted with the letter a and is seen when 
withdrawn from the compression mold. The pouch is then placed in a filling position beneath a filling hopper and 
filled with a formula of the moUenagent. Aftercooling, the filled compartment is covered at c with a semipermeable 
waH in wh.ch a dehvery openSs^ora^wf^ laser. rt. simil^rcm^e^ia|d compartment is closed 
(at d) with a closure containing||f,llir,g|>De^g Mff a disgftl|e openMjdVis figd at the filling station e at 
ord.nary temperature with a fcfgula o^he ^%gent.^A the f^ompart^t is covered at f with a 
semipermeable wall traversed^aj^f-pe^te^jjjg in^l^gement wggjhe opening, which produces 
the delivery device. In a similar process the closed compartment is covered with a membrane or semipermeable wall 
traversed by a laser-perforated opening in the axial position relative to the opening, which produces the empty device 
denoted with letter g, which is then filled at ordinary temperature with the formula of the molten agent which 
produces the final device h. 

The passage opening through the semipermeable wall permits release of the formula of the agent of the 
delivery device, the opening can be formed mechanically or by a laser or by erosion of an erodable element of the 
wall, for example, a gelatin plug. A detailed description of openings and their maximum and minimum preferable 
dimensions is given in US Patents 3 845 770 and 3 916 899. 

The following examples are given only as illustrations and in no way limit the scope of the invention and 
will be better understood in the light of the description and the appended drawings. 

Example 1 



A delivery device is formed as follows: by molding by injection a polymer composition a dilatable vessel is 
first formed in the shape of * capsule 1 2 mm in diameter and 40 mm deep whose wall is formed from a composition 
containing 30 wt% sodium chloride and 70% polyoxyethylene with a molecular weight of 3,000,000, which are 
mixed for 20 minutes to produce a homogeneous composition. This composition is pressed into tablets that are 
placed in an injection molding machine and the vessel formed by injection molding at I45-150°C under a pressure of 
6.5-7.0 x 10 kPa. 

This vessel is then provided with a heat-sensitive composition containing 0.5 wt% theophylline. 77% of a 
hydrogenated vegetable oil, 20% sorbitan trioleate and 2.5% beeswax at a temperature of 36-37°C and, after coolin° 
at 20°C, the vessel equipped with an external semipermeable wall is covered by the air suspension method in a 
Wurster apparatus. The semipermeable wall is formed from a solution in methylene chloride of 5 wt% cellulose 
acetate-butyrate and it is applied to a thickness of 0.4 mm. The devices so equipped are dried in a dryin° cabinet at 



^itri^H 10 !- 10 dayS f a " d ! n °P enin S of 0 75 "™ is then Perforated with a laser through the semipermeable wall 
permitting dehvery of the drug formula from the compartment to the external medium: ' 



Example 2 



fnrmm- ™ ? * n >n n ^ 3 ^ * as in exam P ,e »• which is Provided with a drug 

formula contammg 0.20 g paracetamol, 0.02 g codeine phosphate, 0. 15 g acetyl salicy.ic acid and 2 0 g Whepsol® 

Sm^E? : ^ 8,yCer01 SatUr3ted fa " y adds ° f P ,ant ori S in in which lauric acid predomhia es TOs 

compos.t.on .s prepared by tnturat.ng and mixing all the drug substances and then adding the veWcle W kepsol 1^38 
40 C the pouches are filled wth the molten composition, which after cooling has a creamy consi Jtenc/andte 
me U nt oned " Wa » " ^ a " °Pening is madetith a laser ^^,^,^1, 



Example 3 

formed "T^f^ <^>^ is 

^rS^ W,t H d ^ at --^ mp ^ : 3 m #" c 9*PO#S»n of 2^ phenomrbkaf, 2iHSS 

nd 77.0% theobrom^I, tearicipa.mitican-d lauri^cid g^e* are pl^suc^^ly i^Cld^ ^ 
JSSST ®?* m * ^^^^e^^hereyMLa n&jfe, of m^M&M 

monomethacrylate and 0.12 parts ethylene glycol dimethacrylate and 10 plr^f an^qSuTfotuSfo 13% 

od.um b.sulfate ,n aqueous ethanol is placed in the mold. This mixture is polymerized at 30°C and 20 rlut« after 
equ.hbr.um at ordmary temperature the solid layer is removed from the mold 
k k .u A Solu ' 10 " 10 acetone of 15 cellulose acetate is then prepared having an acetyl content of 39 8% with 
f T iS C ° Vered ^ immerSing il 15 timeS in *e «5ution. once^or 10 secZs! then f he oTher 
S£ / W ' o"!!^^ 16 dfying ° f 5 minuteS ' and after these immersions the devices ar dried af 

rafe o^he wK ? '° ^ A semi P™We wall of 0.7 mm is thus applied, whic"controls^he flow 

ensit ve aye ' * PaSS3ge " * ^ » """^ the eXterior of the device <° ^ ^ 



Example 4 



ml m.rh1 ^TT f0rmed by "^"S 85 * ce,,uIose acetat e with 39.8% acetyl groups with 200 

mL methylene chloride and 200 mL methanol and covered by spraying the compartment with two l^eTin Zair 

ZSZZSZ 0 4 2 0 ^ SemipCrmeab,e waI1 encloses L'ompartm'em. The 

Z^Z^oZr^ " ^ m SCmiPermeable W3 » Wi * a — whi <* — tes with°me 



Example 5 



„ n . t ThC prOCeSS of e^mple 4 is repeated with the indicated compositions, except that the heat-sensitive 

on^os.t.on conta.ns a polyethylene ether of a partial fatty acid ester and an internal polyhydroxyt cydfc etter 
onta.nmg the drug the polyoxyethylene ether having from 2 to 4 ethylene oxide groups and fcSiid 

Sd.v a a V „d 8 co 0in , , , l ° l C h b °" at ° mS - ^ COm P° sition -^ins a drug and ite heJLnriti^?oC2^i» 
rap.d.y and completely at body temperature, liquefying for easy delivery from the device to the extJSnSu^ 

Example 6 

Shiran ^nn P c r t 0CeS fl 0 ^ XamP ! eS 4 ^ 5 repeated l ° form a heat-sensitive composition containing 85 mg of a 
sorb.tan monostearate hydroxypolyoxyethylene ether with four ethylene oxide groups per mol and melting at 38°C 5 
mg of a sorbttan monostearate hydroxypolyoxyethylene ether with 20 ethylene oxide groups per ITs m/sorbit^ 
mononcnoleateand 15mgs9diumindomethacin. g sorbltan 



Example 7 



An osmotic capsule is injection molded in the form of a cylinder with thin walls and hemispherical bottom 
with a composition containing 65% sodium chloride, 20% of the product Polyox®, an ethylene oxide polymer 
having a molecular weight of about 200,000, and 15% polyethylene glycol 2,000,000, the injection conditions under 
which the capsule is molded being as follows: 

180±20°C 
off 

230±25°C 
220±25°C 

m m l w c 



The heat-sensitive composition is prepared for the device of example 1 by mixing while hot 30% 
polyethylene glycol 1500 with 30% polyethylene glycol 4000, 30% polyethylene glycol 400, 9% cocoa butter and 
1 % oxyprenolol hydrochloride, a composition that melts in 1 5 to 20 minutes at a temperature of 37°C. 

Example 8 



Nozzle temperature 
Zone 1 
Zone 2 

Zo ne 3 

Temperature of hqtp5>int % 
Temperature of molS^avifv 



Temperature of centrahpassageU 
Tempejratu|e*of blockingplate^ 





13.5±2 sec 

1 .9±0.5 sec 
5±1 
84±7 bars 
42±7 bars 

20 sec 




Illumination time 
Injection time 
Injection rate 
Injection pressure 
Recoil pressure 
Cycle time 

The inside and outside diameters and inside and outside lengths are 1.17 cm and 1.33 cm and 3.70 cm and 
3.85 cm respectively. 

This osmotic capsule is provided with 2.88 g of Witepsol® HI 5, a glycerol ester of a saturated fatty acid of 
plant origin with 0.1% red and oily dye and it is covered with cellulose acetate-butyrate in a solvent (95:5 methylene 
chloride and ethanol) to regui^^^tion^o^sempermeable membrane 0.5 rrurij^icj^The capsules are dried at 
55°C for 7 days, whereupon a^tle^penWT^in dian^ter is peTO5?dla^^-el^se rate examined. The 
appended drawings of Figure #how||e r^^le of ^^^t-senM^ompos^n in mg/h for a day and Figure 
12 shows the cumulative amofiof h^se|p^ total amount liberated from 

the system. The circles indica^^^n^^ ^gr^mej^ica^sition andgsquares indicate liberation of 
the system in the horizontal position. 

One variant of this invention concerns a method for administering a drug at a controlled flow rate by the 
vaginal or anorectal route to a homoiothermai animal, a method according to which: (A) a delivery device is 
introduced to the passage containing: (1) an internal wall formed from a polymer composition that dilates by 
swelling, surrounding and delimiting an internal compartment; (2) an opening in this internal wall; (3) a drug formula 
in the compartment containing a number of dose units of the drug for a therapeutic program with a heat-sensitive 
vehicle that melts or dissolves at body temperature and serves to cause the drug to emerge from the delivery device; 
(4) an external wall enclosing the pouch and opening, a wall formed from a semipermeable polymer composition, 
permeable to liquids but impermeable to drugs; and (5) an opening in this external wall that communicates through 
the opening with the internal compartment; (B) the body fluid impregnates the internal wall through the 
semipermeable wall at a rate determined by the permeability of this wall and the osmotic pressure gradient through 
this semipermeable wall, which causes the internal wall to swell and dilate; (C) the drug formula melts in the 
compartment, forming a fluid composition; and (D) release of the drug formula from the compartment through the 
internal wall that swells and-dilates relative to the molten formula which passes the formula in the desired therapeutic 
amount through the opening at a controlled flow rate to the passage route to produce the desired medical effect over 
an extended period from one'or more months, preferably from 1 hour to 24 hours. 

Claims 



I . A device fqr delivery to a surrounding medium at a controlled flow rate of a formula of a substance 

(also called agent) sensitive to the effect of heat, a device that comprises: 

a) an internal wall surrounding and forming an internal compartment to contain the formula of the 

agent with an opening in this wall to fill it with the formula and cause it to emerge, this wall being formed by a 
composition to absorb the liquids by swelling and by dilating in the compartment; 




b) an external wall surrounding the internal wall, an external wall that is formed from a composition 
permeable to passage of liquids but almost impermeable to passage of the agents; and 

c) a passage in the external wall that communicates with the opening to delivery the formula of the 
agent to the surrounding medium. 

2. Delivery device according io Claim 1 whose compartment contains a formula of an agent that 
remains solid to 33°C and melts above this temperature. 

3. Delivery device according to Claim 1 whose internal wall is formed from a composition containing 
a polymer hydrogel and a solute with osmotic action. 

4. Delivery device according to Claim 1 whose internal wall is formed from a composition containing 
a polymer hydrogel that swells and dilates in the presence of a liquid. 

5. Delivery device according to Claim 1 containing a closure element in the opening of the wall with 
a perforation in the closure element. 

, 6 - o^^^^ 0 ^-^ external wall is formed from a material chosen from 

the following?g|ters, diesterpethers, esters andithe^ 



external walllis formedlfrom the hydrophilic 
composition th%ggjls an^n th^s^^^u^ig^gn^liqui^ J$L_J M*J^ 

8. Delivery device according to Claim 1 whose internal wall is formed from polyethylene oxide. 

9. Delivery device according to Claim 1 whose internal wall is formed from polyethylene oxide, 
polyethylene glycol and a solute with osmotic action. 

10. Delivery device according to Claim 1 whose compartment contains a heat-sensitive composition 
containing an ester of glycerol and saturated fatty acids. 

1 1. Delivery device of a substance (agent) at a controlled flow rate and to a surrounding medium of 
biological fluid at a temperature greater than 33°C, a device that contains: 

a) a wall formed from a semipermeable polymer composition that surrounds and defines: 

b) a compartment; 

c) a first means in the compartment to convert a solid composition to a composition deliverable under 
the influence of the temperat ure of th e biological medium, this first means containing an agent and being in contact 
with the second means in the compartment to be lmpregnated^with liquid throughTh^errSpermeable wall and to 



dilate in the compartment; andf|| \^ |p 



d) a passage inKfije waOpiat Gwrn^ts the e^e^^deviQto%ie first Ipans. 

1 2. Delivery de^^^ofding^a^a^l j|whoJ^^t^Mj;s is a la^Jjf^ 

13. Delivery device according to Claim 1 1 whose second means is also a layer. 

14. Delivery device according to Claim 1 1 whose solid composition is a gel. 

15. Delivery device according to Claim 1 1 in which the solid composition melts at the temperature of 
the surrounding biological medium. 

16. Delivery device according to Claim 1 1 in which the solid composition liquefies at the temperature 
of the surrounding biological medium. 

17. Delivery device of a substance (agent) at a controlled flow rate to a surrounding liquid medium 
whose temperature is that of a homoiothermal animal, a device which comprises: 

a) a wall formed from a semipermeable polymer composition that defines a tube closed with an 
internal space; 

b) a first means placed in the center of this space to convert a nondeliverable composition to a 
deliverable composition at the temperature of the surrounding medium, a means containing an agent and surrounded 
by a second means in the space that is impregnated with liquid through the semipermeable wall and dilates against 
the first means; and 

c) a passage in the wall communicating with the exterior device and the first means. 

18. Delivery device according to Claim 17 in which the second means is placed between the first 
means and the internal surface of the wall. 

19. Delivery device according to Claim 17 in which the passage in the wall is found on the closed end 
of the tube. 

20. Delivery device according to Claim 17 in which the composition that cannot be delivered is a 
semisolid composition. 

21. Delivery device according to Claim 17 in which the composition that cannot be delivered is a solid 
composition. 



22. Delivery device according to Claim 1 7 in which the composition that cannot be delivered does not 
flow at a temperature lower than 33°C. 

23. Delivery device of a substance (agent) comprising: 

a) a body of tubular shape closed on its ends, which is formed from a polymer composition 
permeable to passage of an external liquid L it p.^vlcaiiy impermeable to pass^e of the agent; 

b) a space in this body; 

c) a first layer in the space formed by a composition containing an agent and a vehicle for this agent; 

d) a second layer in the space in contact with the first layer, formed from a hydrogel that dilates in the 
presence of a liquid penetrating into the space; and 

e) a passage in the body that connects the exterior device to the first layer. 

24. Delivery device according to Claim 23 in which the vehicle is a nontoxic hydrogenated oil for 
pharmaceutical use. 

25 W^ D fe which the vehicle is chosen from nontoxic 

monoglycerid^digl^na^jd ^I?<£^ W FTpT^ IBT^ 

26. ^ Deliveiy|d^^accordi|g|p Claim&3 inf^icfefhe vehiclS is a h^oliilic, riiLxilnWrial 
havmgamol^ar^ter^haf^. ill.^Wft f| f1 I I 

27 ' ^^^very^vice^cor^^^laffi^^whi^e vehifcgjs a ^Scj^nOTtcMe composition 
containing a glyceride and a hydrogenated oil. ' ~ ~ ^ — ™— 

28. Delivery device according to Claim 23 in which the vehicle is a nontoxic glyceride of a fatty acid 
having 8 to 22 carbons atoms. 

29. Delivery device according to Claim 23 in which the vehicle is a nontoxic composition containing a 
mixture of two or more polyethylene glycols, one of which has a molecular weight greater than 1000. 

30. Delivery device at a controlled flow rate of a formula of agent (substance) sensitive to heat to the 
surrounding use medium, a device that comprises: 

a) an internal wall surrounding and forming an internal compartment that contains the formula of the 
agent with an opening in the wall to fill the compartment with the formula of the agent and to cause it to emerge, a 
wall that is formed from a composition that absorbs the liquid by swelling and dilating around the compartment;' 

b) an exter nal^a^un-oundmg^h^ internal wall, an external wa ll that is for med from a composition 
permeable to the passage of a l^n^mpra^all^permeable for]iM5g^f^hT{a^a composition comprising 
material chosen from polysulfoges, pSl^r^fe and polyurethanes- 
and « /SH £ ■ ^n^i Ml 



c) a passage inJLg^alj^ w|g|he delivejAening for the formula of 

agents of the device. 

Figure 10. 

(a) Thrust compartment of the module 

(b) Filling of the compartment with the formulation of molten agent 

(c) Enclosing of the semipermeable wall and perforation of the opening 

(d) Compartment with its closure 

(e) Filling 

(0 Enclosure of the semipermeable wall and perforation of the opening 

(g) Enclosure of the semipermeable wall and perforation of the opening 

(h) Filling 

Figure 1 1 . 

Osmotic delivery pump of Witepsol H-15 
Mean ± Standard deviation 
Vertical position 
Horizontal position 
Delivery rate of Witepsol. mg/h 
Residence time, days 



Figure 12. 

Witepsol total delivery in % 
Residence time, days 



